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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Yasushi KURATA, ET AL. 
Serial No.: Not Assigned 
Filed: February 15, 2002 

For POLISHING MEDIUM FOR CHEMICAL-MECHANICAL POLISHING, 

AND METHOD OF POLISHING 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents February 1 5, 2001 

Washington, DC 20231 

Sir: 

Please amend the above-identified application as follows: 
IN THE SPECIFICATION: 

Please replace the paragraph beginning at page 10 , line 6 , with the following rewritten paragraph: 
Accordingly, in the present invention, a polishing medium may preferably be 
comprising an oxidizing agent for conductors, a protective-film-forming agent for protecting 
a metal surface, an acid, and water; a second polishing medium containing abrasive 
grains, and the abrasive grains having an average particle diameter of 50 nm or less and 
standard deviation of particle size distribution in a value of more than 5 nm. 
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Please replace the paragraph beginning at page 10, line 14, with the following rewritten paragraph: 

The polishing medium of the present invention have a pH of 3 or less and contain 
the oxidizing agent in a concentration of from 0.01 to 3% by weight. The polishing medium 
having a low pH and containing the oxidizing agent in a low concentration can keep the 
dishing, thinning and polish scratches from occurring in copper or copper alloy wirings, and 
can materialize high-rate polishing of barrier layers in a low abrasive-grain concentration. 

Please replace the paragraph beginning at page 17, line 3, with the following rewritten paragraph: 

A second polishing medium for CMP of the present invention is the polishing medium 
comprising an oxidizing agent for conductors, a protective-film-forming agent for protecting 
a metal surface, an acid, and water; the polishing medium further containing abrasive 
grains, and the abrasive grains having an average particle diameter of 50 nm or less and 
a standard deviation of particle size distribution, of more than 5 nm. This second polishing 
medium, too, may preferably be so regulated that it has a pH of 3 or less and contains the 
oxidizing agent for conductors in a concentration of from 0.01 to 3% by weight. If 
necessary, a water-soluble polymer maybe added. Abrasive grains having an average 
particle diameter of 30 nm or less and having a standard deviation of particle size 
distribution of more than 10 nm are particularly preferred in the present invention. If they 
have a large average particle diameter of more than 50 nm, a low polishing rate may result 
on the barrier layer, and a high polishing rate on the silicon dioxide film. Also, even when 
they have an average particle diameter of 50 nm or less, a high polishing rate tends to 
result on the silicon dioxide flint if their standard deviation of particle size distribution is 
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Please replace the paragraph beginning at page 21 , line 19, with the following rewritten paragraph: 

As described above, where in the present invention the polishing medium for CMP 
has a low pH of less than 3 and a low oxidizing-agent concentration (the oxidizing agent 
is in a concentration of about 0.1 5% by weight), the polishing rate of the tantalum, tantalum 
alloy or tantalum nitride or other tantalum compound used as the barrier layer can reach 
a maximum. Where its pH is less than 3, the etching rate of the copper or copper alloy 
comes higher, but, because of the sufficiently low concentration of the oxidizing agent, can 
be controlled by the protective-film-forming agent. Also, where the abrasive grains of 
colloidal silica or colloidal alumina having an average particle diameter of 50 nm or less is 
used, which lowers the polishing rate of silicon dioxide, the polishing-rate ratio (Ta/Cu or 
TaN/Cu) between tantalum or tantalumnitride and copper (inclusive of copper alloys) can 
be made more than 1 and also the polishing-rate ratio (Ta/Si0 2 or TaN/Si0 2 ) between 
tantalum or tantalumnitride and silicon dioxide can be made more than 10. 

Please replace the paragraph beginning at page 27 , line 4, with the following rewritten paragraph: 

As shown in Table 1 , to a mixture of 0.4% by weight of an acid, abrasive grains (but 
not added in Example 1 ; 1 part by weight in Examples 2 to 7 and Comparative Examples 
1 and 2; and 1 % by weight in Examples 8 to 1 1 , 0.O5 part by weight of a water-soluble 
polymer (but only in Examples 4, 6 and 7) and 0.2% by weight of a protective-film-forming 
agent (BTA), water(98/85 parts by weight in Examples 1 to 7 and Comparative Examples 
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1 and 2, and 97.9% by weight in Examples 8 to 11 was added to effect dissolution, 
followed by addition of hydrogen peroxide water (a guaranteed reagent, an aqueous 30% 
solution) as an oxidizing agent for conductors to obtain polishing mediums for CMP. Here, 
as the abrasive grains, colloidal silica with an average particle diameter of 20 to 60 nm was 
added which was prepared by hydrolysis in an ammonia solution of tetraethoxysilane. Also, 
the malic acid and glycolic acid used each had a pKa of 3.2. 

Please replace the paragraph beginning at page 29, line 14, with the following rewritten paragraph: 

Foamed polyurethane resin with closed cells. 
Polishing pressure: 25 kPa (250 gf/cm 2 ). 
Relative speed of substrate member to polishing platen: 
18 m/minute. 
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Please replace the paragraph beginning at page 32 , Table 2, with the following rewritten Table 2: 



Table 2 



Example 


CMP polishing rate (nm/minute) 


Copper 
etching rate 
(nm/minute) 




Copper 


Tantalum 


Tantalum 
nitride 


silicon 
dioxide 




1 






4 . 0 


5 . 0 


0 


0 . 5 


2 






36.2 


54.7 


0.8 


0.8 


3 






24.9 


44.9 


1.3 


3.2 


4 






34.9 


24.9 


1.2 


0.3 


5 






33.0 


615 


1.3 


0,7 


6 






20.0 


25.0 


1.3 


0.6 


7 






1.1 


5.5 


1.7 


0.4 


^Example 














1 






10.5 


17.3 


1.2 


6.7 


2 






2.0 


3.0 


0.7 


0.1 


10 


11.4 


36.2 


54.7 


0.8 




11 


3.2 


28.8 


43.2 


0.8 




12 


13.0 


22.0 


43.4 


6.7 




13 


23.4 


30.4 


57.7 


9.5 





Please replace the paragraph beginning at page 33, Table 3, with the following rewritten Table 3: 



Table 3 





Example 


12 


Dising level 

(nm) 
Thinning 
level (nm) 


40 55 70 45 55 45 65 100 55 40 40 60 55 
20 30 35 30 35 30 70 55 70 20 20 60 100 
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Please replace the paragraph beginning at page 33 , line 3, with the following rewritten 
paragraph: 

In Example 1 to 11, good dishing- and thinning-preventive performance has been 

achieved. In particular, in Examples 1 to 6, in which the oxidizing agent is in a 

concentration of from 0.01 to 3% by weight and the pH is 3 or less, the polishing rates 

of tantalum and tantalum nitride are so high and the dishing level and thinning level are 

so small as to be especially preferable. Also, in Examples 8 and 9, the polishing rate of 

tantalum nitride film is high and the polishing rate of silicon dioxide film is relatively low, 

and hence good dishing- and thinning — preventive performance is achieved. 

Please replace the paragraph beginning at page 34 , line 10, with the following rewritten 
paragraph: 

Example 2, in which the oxidizing agent is in a concentration of 3% by weight or 
less and the pH is 3 or less, is also preferable because the etching rate of copper is 
lower than that in in Comparative Example 1 , in which the oxidizing agent is in a 
concentration of more than 3% by weight, and also the polishing rate of tantalum or 
tantalum nitride is higher and the level of dishing and. thinning is smaller than those 
Comparative Example 2, in which the pH is more than 3. 

Please replace the paragraph beginning at page 34 , line 16, with the following rewritten 
paragraph: 

In Examples 8 to 9, the polishing rate of the barrier layer film (in particular, the 
tantalum film) is higher and the polishing rate of the silicon dioxide film is lower than 
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those in Example 10, in which the abrasive grains have a large particle diameter. Thus, 
these Examples are superior in view of the dishing- and thinning-preventive 
performance. Also, in Examples 8 to 9, the polishing rate of the barrier layer film (in 
particular, the tantalum film) is at the same rank as, but the polishing rate of the silicon 
dioxide film is lower than, those, in which the standard deviation of particle size 
distribution is smaller. 
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IN THE CLAIMS : 

Please cancel claims 1-22 and insert new claims 23-40. 

23. A polishing medium for chemical-mechanical polishing, comprising: 

an oxidizing agent for a conductor; a protective-film — forming agent for protecting 
a metal surface; an acid; and water, not comprising abrasive gains, wherein: 

said polishing medium has a pH of 3 or less, and said oxidizing agent is in a 
concentration of from 0.01 % by weight to 3% by weight. 

24. The polishing medium for chemical-mechanical polishing, comprising: 

an oxidizing agent for a conductor; a protective-film-forming agent for protecting 
a metal surface; an acid; water; and abrasive grains; 

said abrasive grains are colloidal silica or colloidal alumina, 
said abrasive grains have a pH of 3 or less; and 

said an oxidizing agent is in a concentration of from 0.01% by weight to 3% by 
weight. 

25. The polishing medium for chemical-mechanical polishing according to 
claim 24, wherein: 

said abrasive grains have a average particle diameter of 50 nm or less, and said 
abrasive grains have standard deviation of particle size distribution in a value of more 
than 5 nm.. 

8 



1-004-967E „ 043002 



566.41191X00 

26. The polishing medium for chemical-mechanical polishing according to 
claim 24, wherein said abrasive grains are mixed in an amount of from 0.1% by weight 
to 5% by weight. 

27. The polishing medium for chemical-mechanical polishing according to 
claim 24, which further comprises a water-soluble polymer. 

28. The polishing medium for chemical-mechanical polishing according to 
claim 27, wherein said water-soluble polymer is at least one selected from the group 
consisting of polyacrylic acid, a polyacrylic acid salt, polymethacrylic acid, a 
polymethacrylic acid salt.polyamic acid, a polyamic acid salt, polyacrylamide polyvinyl 
alcohol and polyvinylpyrrolidone. 

29. The polishing medium for chemical-mechanical polishing according to 
claim 27, wherein said oxidizing agent is in a concentration of from 0.01% by weight to 
1.5% by weight. 

30. The polishing medium for chemical-mechanical polishing according to 
claim 24, wherein said acid is an organic acid. 

31 . The polishing medium for chemical-mechanical polishing according to 
claim 30, wherein said acid is at least one selected from malonic acid, malic acid, 
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tartaric acid, glycolic acid and citric acid. 

32. The polishing medium for chemical-mechanical polishing according to 
claim 24, wherein said protective-film-forming agent is at least one selected from 
benzotriazole and a derivative thereof. 

33. The polishing medium for chemical-mechanical polishing according to 
claim 24, wherein said oxidizing peroxide, nitric acid, potassium periodate, 
hypochiorous acid and ozone water. 

34. The polishing medium for chemical-mechanical polishing according to 
claim 24, wherein said conductor contains at lest one of copper, a copper alloy, a 
copper oxide and a copper alloy oxide. 

35. The polishing medium for chemical-mechanical polishing according to 
claim 24, wherein said conductor is a barrier layer for preventing copper atoms from 
diffusing. 

36. The polishing medium for chemical-mechanical polishing according to 
claim 35, wherein said barrier layer contains tantalum, a tantalum alloy or a tantalum 
compound. 
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37. As polishing condition, polishing pressure is 25 kPa and relative speed of 
substrate member to polishing platen is 18 m/minute, a polishing medium for 
chemical-mechanical polishing having: 

a polishing-rate ratio (Ta/Cu) between tantalum and copper or a copper alloy of 
more than 1 ; 

a polishing-rate ratio (TaN/Cu) between tantalum nitride and copper or a copper 
alloy of more than 1 ; 

a polishing-rate ratio (Ta/Si0 2 ) between tantalum and silicon dioxide of more 
than 10; and 

a polishing-rate ratio (TaN/Si0 2 ) between tantalum nitride and silicon dioxide 
film of more than 10. 

38. As polishing condition, polishing pressure is 25 kPa and relative speed of 
substrate member to polishing platen is 18 m/minute, the polishing medium for 
chemical-mechanical polishing according to claim 23, which has: 

a polishing-rate ratio (Ta/Cu) between tantalum and copper or a copper alloy of 
more than 1 ; / 

a polishing-rate ratio (TaN/Cu) between tantalum nitride and copper or a copper 
alloy of more than 1 ; 

a polishing-rate ratio (Ta/S10 2 ) between tantalum and silicon dioxide of more 
than 10; and 

a polishing-rate ratio (TaN/Si0 2 ) between tantalum nitride and silicon dioxide film 
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of more than 10. 

39. A method of polishing a substrate member comprising a step of polishing 
a barrier layer containing tantalum, a tantalum alloy or a tantalum compound, by the 
use of the polishing medium for chemical-mechanical polishing according to claim 38. 

40. A method of polishing a substrate member comprising a step of polishing 
a surface including a wiring layer and a barrier layer, by the use of the polishing 
medium for chemical-mechanical polishing according to claim 38. 
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REMARKS 



By the above preliminary amendment the specification and claims have been 
amended to incorporate Article 34 Amendments as shown on the attachments and to 
present additional amendments so that claims 1-22 have been canceled and new 
claims 23-40 presented. 

To the extent necessary, applicants petition for an extension of time under 37 
CFR §1.136. Please charge any shortage in the fees due in connection with the filng of 
this paper, including extension of time fees, to Deposit Account No. 01-2135 
(566.41191X00) and please credit any excess fees to such deposit account. 



Respectfully submitted, 



ANTONELLI, TERRY, STOUT & KRAUS, LLP 




MK:dmw 
(703)312-6600 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION: 

Please replace the paragraph beginning at page 10 , line 6 , with the following rewritten paragraph: 

Accordingly, [the present invention also provides a polishing medium comprising an 
oxidizing agent for conductors,] in the present invention, a polishing medium may 
preferably be comprising an oxidizing agent for conductors, a protective-film-forming agent 
for protecting a metal surface, an acid, and water; [the polishing medium] a second 
polishing medium containing abrasive grains, and the abrasive grains having an average 
particle diameter of 50 nm or less and standard deviation of particle size distribution in a 
value of more than 5 nm. 

Please replace the paragraph beginning at page 10, line 14, with the following rewritten paragraph: 
[This polishing medium] The polishing medium of the present invention [may 
preferably] have a pH of 3 or less and contain the oxidizing agent in a concentration of 
from 0.01 to 3% by weight. The polishing medium having a low pH and containing the 
oxidizing agent in a low concentration can keep the dishing, thinning and polish scratches 
from occurring in copper or copper alloy wirings, and can materialize high-rate polishing 
of barrier layers in a low abrasive-grain concentration. 

Please replace the paragraph beginning at page 17, line 3, with the following rewritten paragraph: 
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A second polishing medium for CMP of the present invention is the polishing medium 
comprising an oxidizing agent for conductors, a protective-film-forming agent for protecting 
a metal surface, an acid, and water; the polishing medium further containing abrasive 
grains, and the abrasive grains having an average particle diameter of 50 nm or less and 
a standard deviation of particle size distribution, of more than 5 nm. This second polishing 
medium, too, may preferably be so regulated that it has a pH of 3 or less and contains the 
oxidizing agent for conductors in a concentration of from 0.01 to 3% by weight. If 
necessary, a water-soluble polymer maybe added. Abrasive grains having an average 
particle diameter of 30 nm or less and having a standard deviation of particle size 
distribution of more than 10 nm are particularly preferred in the present invention. If they 
have a large average particle diameter of more than 50 nm, a low polishing rate may result 
on the barrier layer, and a high polishing rate on the silicon dioxide film. Also, even when 
they have an average particle diameter of 50 nm or less, a high polishing rate tends to 
result on the silicon dioxide flint if their standard deviation of particle size distribution is 
[less than 5 nm] 50 nm or less . 

Please replace the paragraph beginning at page 21 , line 19, with the following rewritten paragraph: 

As described above, where in the present invention the polishing medium for CMP 
has a low pH of less than 3 and a low oxidizing-agent concentration (the oxidizing agent 
is in a concentration of about 0.1 5% by weight), the polishing rate of the tantalum, tantalum 
alloy or tantalum nitride or other tantalum compound used as the barrier layer can reach 
a maximum. Where its pH is less than 3, the etching rate of the copper or copper alloy 
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comes higher, but, because of the sufficiently low concentration of the oxidizing agent, can 
be controlled by the protective-film-forming agent. Also, where the abrasive grains of 
colloidal silica or colloidal alumina having an average particle diameter of [50 nm] 50 nm 
or less is used, which lowers the polishing rate of silicon dioxide, the polishing — rate ratio 
(Ta/Cu or TaN/Cu) between tantalum or tantalumnitride and copper (inclusive of copper 
alloys) can be made more than 1 and also the polishing-rate ratio (Ta/Si0 2 or TaN/Si0 2 ) 
between tantalum or tantalumnitride and silicon dioxide can be made more than 10. 

Please replace the paragraph beginning at page 27 , line 4, with the following rewritten paragraph: 

As shown in Table 1 , to a mixture of 0.4% by weight of an acid, abrasive grains (but 
not added in Example 1; [1 part by weight in Examples 2 to 9; and 1% by weight in 
Examples 10 to 13)] 1 part by weight in Examples 2 to 7 and Comparative Examples 1 and 
2: and 1 % bv weight in Examples 8 to 11 , 0.O5 part by weiqht of a water-soluble polymer 
(but only in Examples 4, 6 and 7) and 0.2% by weight of a protective-film-forming agent 
(BTA), water [(98.85 parts by weight in Examples 1 to 9, and 97.9% by weight in Examples 
1 0 to 1 3)] (98/85 parts bv weight in Examples 1 to 7 and Comparative Examples 1 and 2, 
and 97.9% bv weight in Examples 8 to 1 1 was added to effect dissolution, followed by 
addition of hydrogen peroxide water (a guaranteed reagent, an aqueous 30% solution) as 
an oxidizing agent for conductors to obtain polishing mediums for CMP. Here, as the 
abrasive grains, colloidal silica with an average particle diameter of 20 to 60 nm was added 
which was prepared by hydrolysis in an ammonia solution of tetraethoxysilane. Also, the 
malic acid and glycolic acid used each had a pKa of 3.2. 
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Please replace the paragraph beginning at page 29, line 14, with the following rewritten paragraph: 

Foamed polyurethane resin with closed cells. 
Polishing pressure: [250 gf/cm 2 ] 25 kPa (250 gf/cm 2 ) . 
Relative speed of substrate member to polishing platen: 
18 m/minute. 



.1. 0 O '"■ I- ^ ir, :7 H ,.. Els 3 O G E!: 



Please replace the paragraph beginning at page 32 , Table 2, with the following rewritten Table 2: 



Table 2 



Example 


CMP polishing rate (nm/minute) 


Copper 
etching rate 
(nm/minute) 




Copper 


Tantalum 


Tantalum 
nitride j 


silicon 
dioxide 




1 






4 . 0 


5 . 0 


0 


0 . 5 


2 






36.2 


54.7 


0.8 


0.8 


3 






24.9 


44.9 


1.3 


3.2 


4 






34.9 


24.9 


1.2 


0.3 


5 






33.0 


615 


1.3 


0,7 


6 






20.0 


25.0 


1.3 


0.6 


7 






1.1 


5.5 


1.7 


0.4 


Comparative 




























1 






10.5 


17.3 


1.2 


6.7 


2 






2.0 


3.0 


0.7 


0.1 


10 


11.4 


36.2 


54.7 


0.8 




11 


3.2 


28.8 


43.2 


0.8 




12 


13.0 


22.0 


43.4 


6.7 




13 


23.4 


30.4 


57.7 


9.5 





Please replace the paragraph beginning at page 33, Table 3, with the following rewritten Table 3: 



Table 3 





Example 


12 


Dising level 

(nm) 
Thinning 
level (nm) 


40 55 70 45 55 45 65 100 55 40 40 60 55 
20 30 35 30 35 30 70 55 70 20 20 60 100 
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Please replace the paragraph beginning at page 33 , line 3, with the following rewritten 
paragraph: 

[In Examples 1 to 13] In Example 1 to 11 . good dishing- and thinning-preventive 
performance has been achieved. In particular, in Examples 1 to 6, in which the oxidizing 
agent is in a concentration of from 0.01 to 3% by weight and the pH is 3 or less, the 
polishing rates of tantalum and tantalum nitride are so high and the dishing level and 
thinning level are so small as to be especially preferable. Also, [in Examples 10 and 11] 
in Examples 8 and 9 , the polishing rate of tantalum nitride film is high and the polishing 
rate of silicon dioxide film is relatively low, and hence good dishing- and 
thinning — preventive performance is achieved. 

Please replace the paragraph beginning at page 34 , line 10, with the following rewritten 
paragraph: 

Example 2, in which the oxidizing agent is in a concentration of 3% by weight or 
less and the pH is 3 or less, is also preferable because the etching rate of copper is 
lower than that in [Example 8] in Comparative Example 1 . in which the oxidizing agent 
is in a concentration of more than 3% by weight, and also the polishing rate of tantalum 
or tantalum nitride is higher and the level of dishing and. thinning is smaller than those 
[in Example 9] Comparative Example 2 , in which the pH is more than 3. 

Please replace the paragraph beginning at page 34 , line 16, with the following rewritten 
paragraph: 

[In Examples 10 and 1 1] In Examples 8 to 9 , the polishing rate of the barrier layer 
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film (in particular, the tantalum film) is higher and the polishing rate of the silicon dioxide 
film is lower than those [in Example 12] in Example 10 , in which the abrasive grains 
have a large particle diameter. Thus, these Examples are superior in view of the 
dishing- and thinning-preventive performance. Also, [in Examples 10 and 1 1] In 
Examples 8 to 9 . the polishing rate of the barrier layer film (in particular, the tantalum 
film) is at the same rank as, but the polishing rate of the silicon dioxide film is lower 
than, those [in Example 13] in Example 11 . in which the standard deviation of particle 
size distribution is smaller. 



20 




± o-o us 7" s - d a OViflA® 672 
jcn nmmww m feb 2002 



HC1578 



SPECIFICATION 



POLISHING MEDIUM FOR CH F.MT r. AT.-MF.THANT CAT, POT.TSHING 



5 



^ AND 

M ETHOD OF POLLSHTNG SUBSXR ATF MEMBER 



TECHNICAL FIELD 



This invention relates to a polishing medium for 
chemical-mechanical polishing, especially suited for 
10 polishing in the step of forming wirings of semiconductor 
devices, and a method of polishing a substrate member 
by the use of the same. 



(hereinafter "LSI") are made high-integration and 
high-performance, new technigues for fine processing 
have been developed. Chemical-mechanical polishing 
(hereinafter "CMP") is also one of them, which is a 
20 technigue often used in LSI fabrication steps, in 

particular, in making interlaminar insulating films flat 
in the step of forming multilayer wirings, in forming 
metallic plugs and in forming buried wirings. This 
technique isdisclosedin, e.g., U.S. Patent No. 4,944,836. 



BACKGROUND ART 
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In recent years, as semiconductor integrated circuits 
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Recently, in order to make LSIs high-performance, 
it is also attempted to utilize copper or copper alloys 
as wiring materials. It, however, is difficult for the 
copper or copper alloys to be finely processed by dry 
5 etching often used in forming conventional aluminum alloy 
wirings. Accordingly, what is called the damascene 
method is chiefly employed, in which a copper or copper 
alloy thin film is deposited on an insulating film with 
grooves formed previously and is buried therein, and 
10 the copper or copper alloy at the part except the grooves 
is removed by CMP to form buried wirings . This technigue 
is disclosed in, e.g., Japanese Patent Application 
Laid-open No. 2-278822. 

In a common method for the CMP of metals such as 
15 copper and copper alloys, a polishing pad is fastened 
onto a circular polishing platen, and the surface of 
the polishing pad is soaked with a polishing medium, 
where a substrate with a metal film formed thereon is 
pressed against the pad on the former's metal film side 
20 and a stated pressure is applied thereto on the back 
thereof, in the state of which the polishing platen is 
turned, to remove the metal film at the part of its hills 
by mechanical friction act ing b e tween the pol i shing medium 
and the hills of the metal film. 
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The polishing medium used in such CMP is commonly 
comprised of an oxidizing agent and abrasive grains, 
to which a metal-oxide-dissolving agent and a 
protective-film-forming agent are optionally added. 
5 The basic mechanism of CMP making use of this polishing 
medium for CMP is considered to be that the metal film 
surface is oxidized with the oxidizing agent and the 
resultant oxide layer is scraped with the abrasive grains. 
The oxide layer at the dales of the metal surface does 
10 not come into contact with the polishing pad so much 
and the effect of scraping attributable to the abrasive 
grains does not extend thereto. Hence, with progress 
of the CMP, the metal film becomes removed at its hills 
and the substrate surface become flat. Details on this 
15 matter are disclosed in Journal of Electrochemical Society, 
Vol. 138, No. 11 (published 1991), pages 3460-3464. 

In order to make higher the rate of polishing by 
CMP, it is considered effective to add the 
metal-oxide-dissolving agent. It can be explained that 
20 this is because the effect of scraping attributable to 
the abrasive grains comes higher where grains of metal 
oxide scraped off by the abrasive grains are made to 
dissolve (hereinafter "etched") in the pol ishing medium . 
However, the addition of the metal-oxide-dissolving 
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agent makes the oxide layer become etched (dissolve) 
also at the dales of the metal film surface, and the 
metal film surface becomes uncovered, so that the metal 
film surface is further oxidized by the oxidizing agent. 
5 With repetition of this, the etching may proceed at 
the dales of the metal film surface. This may cause a 
phenomenon that the surface of the metal wiring having 
been buried after the polishing becomes hollow at the 
middle thereof like a dish (hereinafter "dishing"), 
10 resulting in a damage of the effect of flattening. 
In order to prevent this phenomenon, the 
protective-film-forming agent is further added to the 
metal-polishing medium for CMP. The 

protective-film-forming agent forms a protective film 
15 on the oxide layer at the metal film surface to prevent 
the oxide layer from dissolving in the polishing medium. 

It is desirable for this protective film to be readily 
capable of being scraped off by the abrasive grains and 
also not to lower the rate of polishing by CMP. 
20 In order to keep the copper or copper alloy from 

causing the dishing or from corroding during the polishing, 
to form highly reliable LSI wirings, a polishing medium 
for CMP is proposed in which amino acetic acid (glycine) 
or amidosul f uric acid is used as the 
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metal-oxide-dissolving agent and benzotriazole 
(hereinafter "BTA" ) is further used as the 
protective-film-forming agent. This technique is 
disclosed in, e.g., Japanese Patent Application Laid-open 
No . 8-837 80. 

In the buried-metal formation as in the formation 
of damascene wirings of copper or copper alloy or the 
formation of plug wirings of tungsten, a phenomenon called 
"thinning" in which the thickness of wiring becomes small 
together with an interlaminar insulating film may occur 
when an interlaminar insulating film silicon dioxide 
film formed except the buried part is polished at a rate 
close to the rate of polishing the metal film. As the 
result, it may cause an increase in wiring resistance 
or a non-uniformity in resistance ascribable to pattern 
density. Hence, the po 1 i shing medium fo r CMP i s re qui red 
to have a property that the polishing rate of the silicon 
dioxide film is sufficiently smaller than that of the 
metal film to be polished. Accordingly, a method is 
proposed in which the pH of the polishing medium is set 
higher than pKa of -0.5 so that the polishing rate of 
silicon dioxide canbe controlledby negative ions produced 
as a result of dissociation of acid. This technique is 
disclosed in, e.g., Japanese Patent No. 2819196. 
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Meanwhile, at the underlying layer of the copper 
or copper alloy of the wiring, a 1 a y e r o f t ant al urn, tantalum 
alloy, tantalum nitride or other tantalum compound is 
formed as a barrier layer in order to prevent the copper 
5 from diffusing into the interlaminar insulating film. 
Accordingly, the barrier layer must be removed by CMP, 
except the wiring part where the copper or copper alloy 
has been buried. However, the conductor constituting 
such a barrier layer has a higher hardness than the copper 
10 or copper alloy, and hence in many cases any sufficient 
polishing rate can not be achieved when it is used in 
combination with the polishing medium for the copper 
or copper alloy. Accordingly, studies are made on a 
two-step polishing method having a first step of polishing 
15 the copper or copper alloy and a second step of polishing 
the barrier layer conductor. 

In the second-step CMP of the barrier layer, the 
dishing at the wiring part of buried copper or copper 
alloy must be prevented, it has been considered 
20 reverse-effective to make the polishing medium have a 
small pH value in order to control the polishing rate 
and etching rate of the copper or copper alloy. 

The tantalum, tantalum alloy and tantalum compound 
(such as tantalum nitride) used in the barrier layer 
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are chemically so stable that they can be etched with 
difficulty, and has so high a hardness that they can 
not so readily mechanically be polished as the copper 
or copper alloy. Hence, making the abrasive grains have 
5 a higher hardness may cause polish scratches in the copper 
or copper alloy to bring about poor electrical 
characteristics in some cases. Also, making 
abrasive-grain concentration higher may bring about a 
higher polishing rate of the silicon dioxide film to 
10 cause the problem that the thinning occurs. 



DISCLOSURE OF THE INVENTION 
An object of the present invention is to provide 
a polishing medium for CMP which can keep the dishing, 
15 thinning and polish scratches from occurring in copper 
or copper alloy wirings, can materialize high-rate 
polishing of barrier layers in a low ab r a s i ve - gr a in 
concentration and can promise formation of highly reliable 
buried metal film patterns, and a substrate member 
20 polishing method making use of the same. 

The pre sent inventors made extensive studies in order 
to achieve this object. As the result, they have 
discovered that the polishing of the tantalum, tantalum 
alloy and tantalum compound, which are conductors used 
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as the barrier layers, proceeds with ease when the 
polishing medium has a low pH and also the oxidizing 
agent is in a low concentration. Thus, they have 
accomplished the present invention. The present 
5 invention provides a first polishing medium for 

chemical-mechanical polishing, comprising an oxidizing 
agent for these conductors, a protective-film-forming 
agent for protecting a metal surface, an acid, and water; 
the polishing medium having a pH of 3 or less, and the 

10 oxidizing agent being in a concentration of from 0.01 
to 3% by weight. This first polishing medium may further 
contain abrasive grains. 

There have been the problems that making the abrasive 
grains have a higher hardness when the barrier layer 

15 is polished may cause polish scratches in the copper 
alloy to bring about poor electrical characteristics, 
and making the abrasive-grain concentration higher may 
bring about a higher polishing rate of the silicon dioxide 
film to cause the problem that the thinning may occur. 

20 The present inventors have discovered that the 

polishing of the tantalum, tantalum alloy, tantalum 
nitride and other tantalum compounds which are used as 
the barrier layers proceeds with ease in a low pH range 
and in an oxidizing agent low-concentration range. 
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Moreover, it has been found that, when such a polishing 
medium for CMP is used, the oxidizing agent is in a 
sufficiently low-concentration range, and hence the 
dishing of wirings does not come into question, which 
5 may occur with an increase in the etching rate of the 
copper or copper alloy and which may commonly come into 
question in a low-pH range. 

The present inventors have also discovered that, 
in the polishing of the tantalum, tantalum alloy or 

10 tantalum compound used as the barrier layer conductor, 
any too large particle diameter of abrasive grains may 
bring about a decrease in polishing rate of the barrier 
layer and an increase in polishing rate of the silicon 
dioxide, and also that, even when the abrasive grains 

15 have a small particle diameter, any too small standard 
deviation of particle size distribution may bring about 
an increase in polishing rate of the silicon dioxide. 

This phenomenon is remarkable when the tantalum, tantalum 
alloy or tantalum compound is polished with a polishing 

20 medium having a low pH and also containing the oxidizing 
agent in a low concentration. 

It has been found that, when such a polishing medium 
is used, since the oxidizing agent is in a sufficiently 
low-concentration range, the dishing of wirings does 
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not come into question, which may occur with an increase 
in the etching rate of the copper or copper alloy and 
which may commonly come into question in a low-pH range, 
and also any erosion may less occur because of a low 
abrasive-grain concentration. 

Accordingly, the present invention also provides 
a polishing medium comprising an oxidizing agent for 
conductors, a protective-film-forming agent for 
protecting a metal surface, an acid, and water; the 
polishing medium containing abrasive grains, and the 
abrasive grains having an average particle diameter of 
50 nm or less and standard deviation of particle size 
distribution in a value of more than 5 nm . 

This polishing medium of the present invention may 
preferably have a pH of 3 or less and contain the oxidizing 
agent in a concentration of from 0.01 to 3% by weight. 

The polishing medium having a low pH and containing 
the oxidizing agent in a low concentration can keep the 
dishing, thinning and polish scratches from occurring 
in copper or copper alloy wirings, and can materialize 
high-rate polishing of barrier layers in a low 
abrasive-grain concentration. 

The polishing medium for CMP of the present invention 
may further contain a water-soluble polymer. In such 
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a case, the oxidizing agent may preferably be in a 
concentration of from 0.01 to 1.5% by weight. The 
water-soluble polymer may preferably be at least one 
selected from the group consisting of polyacrylic acid 
or a salt thereof, po lymethacry 1 ic acid or a salt thereof, 
polyamic acid or a salt thereof, po 1 y aery 1 ami de , polyvinyl 
alcohol and polyvinylpyrrolidone. 

The acid may preferably be an organic acid, and may 
more preferably be at least one selected from malonic 
acid, malic acid, tartaric acid, glycolic acid and citric 
acid . 

The oxidizing agent for conductors may preferably 
be at least one selected from hydrogen peroxide, nitric 
acid, potassium periodate, hypochlorous acid and ozone 
water . 

The protective-film-forming agent may preferably 
be at least one selected from ben z o t r i a z o 1 e (BTA) and 
a derivative thereof (hereinafter "BTAs"). 

The abrasive grains may preferably be at least one 
selected from silica, alumina, ceria, titania, zirconia, 
germania and silicon carbide. Colloidal silica or 
colloidal alumina having an average particle diameter 
of 50 nm or less is preferable for the present invention. 
The abrasive grains may particularly preferably have 
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an average particle diameter of 30 nm or less, and a 
standard deviation of particle size distribution of 10 
nm or more. The abrasive grains may preferably be in 
a concentration of from 0.05 to 10% by weight, more 
preferably from 0.1 to 5% by weight, and particularly 
pr e f er abl y from 0.2 to 3 % by we ight . The colloidal silica 
may preferably be a product obtained by hydrolysis of 
a silicon alkoxide. A product obtained using sodium 
silicate as a materials may also be used. 

The polishing medium for CMP of the present invention 
may preferably have a po 1 i s hing- r a t e ratio (Ta/Cu or 
TaN/Cu) between tantalum or tantalum nitride and copper 
(inclusive of copper alloys) of more than 1, and a 
pol ishing-rat e ratio (Ta/Si0 2 or TaN/Si0 2 ) between 
tantalum or tantalum nitride and silicon dioxide film 
of more than 10. 

The conductor (inclusive of semiconductors) suited 
for the polishing making use of the polishing medium 
for CMP of the present invention may include copper, 
copper alloys and copper oxides, and tantalum, tantalum 
alloys and tantalum compounds (such as tantalum nitride) 
which constitute barrier layers for the former (layers 
for preventing copper atoms from diffusing) . Accordingly, 
the present invention provides a polishing method of 



12 



..1. 0 Dl H "3 7" El: .„ O Ml- 3 O O -Ei 



HC1578 

polishing a barrier layer containing tantalum, a tantalum 
alloy or a tantalum compound (such as tantalum nitride) , 
by the use of the polishing medium for CMP of the present 
invention, and also provides a polishing method of 
polishing a surface including a wiring layer (copper, 
a copper alloy and/or an oxide thereof) and a barrier 
layer therefor (a layer for preventing copper atoms from 
diffusing) , by the use of the polishing medium for CMP 
of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration showing the steps of 
polishing a substrate member in Examples. 

BEST MODES FOR PRACTICING THE INVENTION 
The polishing medium of the present invention is 
suited when a substrate member comprising a substrate 
which has on its surface a silicon dioxide with a dale 
and on which a barrier layer and a metal film containing 
copper or copper alloy have been formed to fill the dale 
therewith is usedasapolishingobject. Suchasubstrate 
member is obtained by, e.g., as shown in Fig. 1, forming 
on the surface of a silicon wafer [Fig. 1 (a) ] a silicon 
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dioxide film 11 [Fig. 1 (b)], forming on the surface 
thereof a resist layer 12 having a stated pattern [Fig. 

I (c) ], forming a dale 13 in the silicon dioxide film 

II by dry etching and then removing the resist layer 
12 [Fig. 1 (d)], depositingabarriermetal suchas tantalum 
by vacuum deposition, CVD or the like to form a barrier 
layer 14 [Fig. 1 (e)], and depositing a metal such as 
copper on the surface thereofby vacuum deposition, plating 
or CVD to provide a wiring layer 15 [Fig. 1 (f) ] . 

This substrate member is subjected to CMP by the 
use of a polishing medium for copper and copper alloys 
which has a sufficiently large po 1 i shing- r a t e ratio 
between the wiring layer (copper and/or copper alloy) 
and the barrier layer, so that the barrier layer 14 at 
the hill (the part provided with the silicon dioxide 
11) ofthesubstrate member comes uncovered to the surface, 
thus the desired conductor pattern is obtained in which 
the wiring layer (copper or copper alloy film) 15 has 
been left in the dale [Fig. 1 (g) ] . 

This substrate member is further polished with a 
polishing medium for CMP which can polish away both the 
barrier layer 14 and the wiring layer 15, so that as 
shown in Fig. 1 (h) a semiconductor substrate member 
is obtained in which the silicon dioxide 11 stands 
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uncovered to the surface. 

The first polishing medium for CMP of the present 
invention is the polishing medium comprising an oxidizing 
agent for conductors, a pro t ective- f i lm- forming agent 
5 for protecting a metal surface, an acid, and water, and 
has been so regulated that it has a pH of 3 or less and 
contains the oxidizing agent in a concentration of from 
0.01 to 3% by weight. It may further optionally contain 
water-soluble polymer and abrasive grains. 

10 If the polishing medium for CMP has a high pH of 

more than 3, alowpolishingrate may result on the tantalum, 
tantalum alloy and/or tantalum compound. The pH may be 
adjusted by controlling the amount of the acid to be 
added. It may also be adjusted by adding an alkali 

15 component such as ammonia, sodium hydroxide or 
t e t r ame thyl ammoni um hydride. 

The polishing rate of the tantalum, tantalum alloy 
and/or tantalum compound reaches a maximum when the 
oxidizing agent for conductors is in a concentration 

20 of about 0.15% by weight. The oxidizing agent enables 
formation of a mechanically readily polishable primary 
oxide layer on the surface of the conductor film of the 
tantalum, tantalum alloy or tantalum compound, ensuring 
a high polishing rate. 
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In general, when the polishing medium has a pH of 
less than 3, the etching rate of the copper or copper 
alloy film is so high as to make it difficult for the 
pr o t ec t i ve- f i lm- f o rming agent to control the etching. 
5 However, in the present invention, the oxidizing agent 
is in so sufficiently a low concentration that the 
protective-film-forming agent can make etching control. 

If the oxidizing agent is in a high concentration of 
more than 3% by weight, not only the etching rate of 

10 the copper or copper alloy may be so high as to tend 
to cause the dishing, but also a secondary oxide layer 
which can be polished with greater difficulty than the 
primary oxide layer may be formed on the surface of the 
conductor film of the tantalum, tantalum alloy or tantalum 

15 nitride or other tantalum compound, resulting in a low 
polishing rate. If the oxidizing agent is in a 
concentration of less than 0.01% by weight, the oxide 
layer can not sufficiently be formed, resulting in a 
low polishing rate to even cause peeling of the tantalum 

20 film in some cases. 

The polishing medium for CMP of the present invention 
may further contain abrasive grains. To achieve a high 
dispersion stability and make any polishing scratches 
less occur, the abrasive grains may preferably have an 
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average particle diameter of 100 nm or less, and 
particularly preferably 50 nm or less. 

A second polishing medium for CMP of the present 
invention is the polishing medium comprising an oxidizing 
5 agent for conductors, a pro tec t ive- fi lm- forming agent 
for protecting a metal surface, an acid, and water; the 
polishing medium further containing abrasive grains, 
and the abrasive grains having an average particle diameter 
of 50 nm or less and a standard deviation of particle 

10 size distribution, of more than 5 nm . This second 

polishing medium, too, may preferably be so regulated 
that it has a pH of 3 or less and contains the oxidizing 
agent for conductors in a concentration of from 0.01 
to 3% by weight. If necessary, a water-soluble polymer 

15 may be added. Abrasive grains having an average particle 
diameter of 30 nm or less and having a standard deviation 
of particle size distribution of more than 10 nm are 
particularly preferred in the present invention. If they 
have a large average particle diameter of more than 50 

20 nm, a low polishing rate may result on the barrier layer, 
and a high polishing rate on the silicon dioxide film. 

Also, even when they have an average particle diameter 
of 50 nm or less, a high polishing rate tends to result 
on the silicon dioxide film if their standard deviation 
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of particle size distribution is less than 5 nm. 

The oxidizing agent in the first or second polishing 
medium for CMP of the present invention may preferably 
be used in a concentration of from 0.01 to 1.5% by weight 
when the water-soluble polymer is contained. The 
water-soluble polymer comes adsorbed to the surface of 
the tantalum, tantalum alloy or tantalum compound or 
its oxide layer, and hence the oxidizing agent which 
contributes to the high polishing rate can be in a low 
concentration range. Also, the water-soluble polymer 
tends to come adsorbed especially to the surface of the 
nitride compound film such as tantalum nitride film or 
titanium nitride film, and hence it is considered that 
the polishing rate of the nitride compound film such 
as tantalum nitride film or titanium nitride film can 
be low. Meanwhile, the water-soluble polymer has the 
effect of forming a metal surface protective film to 
improve flat-surface retentivity against the dishing 
and thinning. 

The oxidizing agent for conductors in the present 
invention may include hydrogen peroxide (H 2 0 2 ) , nitric 
acid, potassium periodate, hypochlorous acid and ozone 
water. Of these, hydrogen peroxide is particularly 
preferred. Where the substrate member is a silicon 
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substrate member including devices for integrated 
circuits, it is undesirable for it to be contaminated 
with alkali metals, alkaline earth metals, halides and 
so forth. Hence, an oxidizing agent not containing any 
in-volatile component is preferred. Here, since the 
ozone water may undergo a great compositional change 
with time, the hydrogen peroxide i s most suit ed . However, 
where the substrate member to be polished is a glass 
substrate member not including any semiconductor devices, 
an oxidizing agent containing a in-volatile component 
may be used without any problem. 

The acid used in the present invention may preferably 
be formic acid or an organic acid (such as acetic acid, 
propionic acid, valeric acid, 2 -methy lbut yr ic acid, 
n-hexanoic acid, 3 , 3-dimethylbutyric acid, 
2-ethylbutyr ic acid, 4 -methylpentano i c acid, n-heptanoic 
acid, 2-methylhexanoic acid, n-octanoic acid, 
2-ethylhexanoic acid, benzoic acid, glycolic acid, 
salicylic acid, glyceric acid, oxalic acid, malonic acid, 
succinic acid, glutaric acid, adipic acid, pimelic acid, 
maleic acid, phthalic acid, malic acid, tartaric acid 
or citric acid) . Also usable are salts such as ammonium 
salts of these, sulfuric acid, nitric acid, ammonia, 
ammonium salts as exemplified by ammonium persulfate, 
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ammonium nitrate and ammonium chloride, and chromic acid, 
or mixtures of these. Of these, in view of an advantage 
that practical CMP polishing rate can be achieved, ma Ionic 
acid, malic acid, tartaric acid, glycolic acid and citric 
acid are preferred. 

The protective-film-forming agent in the present 
invention is selected from benzotriazole (BTA) and BTA 
derivatives (e.g., to 1 yl t r i a z o 1 e , which is a compound 
in which one hydrogen atom of the benzene ring has been 
substituted with a methyl group; benzotriazole 
4-carboxylic acid, which is a compound in which the same 
has been substituted with a carboxyl group; and methyl, 
ethyl, propyl, butyl and octyl esters thereof) , 
naphthotriazole, and naph t ho t r i a zol e derivatives, or 
mixtures containing any of these. 

The water-soluble polymer used in the present 
invention may include polymers having as a basic building 
block a monomer having a carboxyl group, or salts thereof, 
as exemplified by polyacrylic acid, ammoni urn po 1 y a cr y 1 a t e , 
sodium polyacrylate, polymethacrylic acid, ammonium 
polymethacrylate, sodium po lyme thacry late and 
polyacrylamide ; and polymers having as a basic building 
block a monomer having a vinyl group, as exemplified 
by polyvinyl alcohol and polyvinylpyrrolidone. Where, 
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however, the substrate member to be polished is a silicon 
substrate member for semiconductor integrated circuits, 
it is undesirable for it to be contaminated with alkali 
metals, alkaline earth metals, halides and so forth. 
Hence, acids or ammonium salts thereof are preferred. 

Where the substrate member is a glass substrate member, 
the same does not necessarily apply. The addition of 
any of these water-soluble polymers enables improvement 
of di shing-pr event ive performance on account of the 
etching control effect attributable to the 
protective-film-forming agent. 

The present invention also provides a polishing 
medium for CMP, having a po 1 i shing- r a t e ratio (Ta/Cu 
or TaN/Cu) between tantalum or tantalum nitride and copper 

(inclusive of copper alloys) of more than 1, and a 
polishing-rate ratio between tantalum or tantalum nitride 
and silicon dioxide (Ta/Si0 2 or TaN/Si0 2 ) of more than 

10 . 

As described above, where in the present invention 
the polishing medium for CMP has a low pH of less than 
3 and a low ox idi z ing- agent concentration (the oxidizing 
agent is in a concentration of about 0.15% by weight), 
the polishing rate of the tantalum, tantalum alloy or 
tantalum nitride or other tantalum compound used as the 
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barrier layer can reach a maximum. Where its pH is less 
than 3, the etching rate of the copper or copper alloy 
comes higher, but, because of the sufficiently low 
concentration of the oxidizing agent, can be controlled 
by the protective-film-forming agent. Also, where the 
abrasive grains of colloidal silica or colloidal alumina 
having an average particle diameter of 50 nm is used, 
which lowers the polishing rate of silicon dioxide, the 
polishing-rat e ratio (Ta/Cu or TaN/Cu) between tantalum 
or tantalum nitride andcopper (inclusive of copper alloys) 
can be made more than 1 and also the po 1 i sh ing- r a t e ratio 
(Ta/Si0 2 or TaN/Si0 2 ) between tantalum or tantalum nitride 
and silicon dioxide can be made more than 10. 

The abrasive grains usable in the polishing medium 
for CMP may be any of inorganic abrasive grains such 
as silica, alumina, ceria, titania, zirconia, germania 
and silicon carbide, and organic abrasive grains such 
as polystyrene, polyacrylic or polyvinyl chloride 
particles. Colloidal silica or colloidal alumina having 
an average particle diameter of 5 0 nm or less are preferred, 
as having a good dispersibility in the polishing medium 
and being less causative of polish mars (scratches) which 
may be caused by CMP . As their average particle diameter, 
those having an average particle diameter of 30 nm or 
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less are preferred by which the polishing rate of the 
barrier layer can be made higher and the polishing rate 
of silicon dioxide film can be made lower, and those 
of 20 nm or less are particularly preferred. As the 
colloidal silica, a product obtained by hydrolysis of 
a silicon alkoxide or by ion exchange of sodium silicate 
may be used, for example. As the colloidal alumina, a 
product obtained by hydrolysis of aluminum nitrate may 
be used, for example. 

The abrasive grains in the first or second polishing 
medium for CMP may preferably be added in an amount ranging 
from 0. 01% by weight to 10% by weight, and more preferably 
from 0.05% by weight to 5% by weight, based on the total 
weight. If it is added in an amount of less than 0.01% 
by weight, there may be no significant difference from 
the polishing rate of a case not containing any abrasive 
grains. If it is more than 10% by weight, its addition 
in a larger quantity than that may no longer bring about 
any improvement of the rate of polishing by CMP. 

The polishing medium for CMP of the present invention 
is especially suited for the polishing of conductors 
(inclusive of semiconductors) such as copper, copper 
alloys and copper oxides, and barrier layers for these 
(e.g., tantalum, tantalum alloys and tantalum compounds 
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such as tantalum nitride. 

The acid in the polishing medium of the present 
invention may be mixed in an amount of from 0.0001 to 
0.05 mol, and more preferably from 0.001 to 0.01 mol, 
baseed on the total weight 100 g of the oxidizing agent 
for conductors, acid, protective-film-forming agent, 
water-soluble polymer and water. If it is mixed in an 
amount of more than 0.05 mol, the etching of the copper 
or copper alloy tends to proceed too much. 

The protective-film-forming agent in the polishing 
medium of the present invention may be mixed in an amount 
of from 0.0001 to 0.01 mol, and more preferably from 
0.0005 to 0.005 mol, baseed on the total weight 100 g 
of the oxidizing agent for conductors, acid, 
protective-film-forming agent, water-soluble polymer 
and water. If it is mixed in an amount of less than 0.0001 
mol, the etching of the copper or copper alloy tends 
to proceed too much. If it is in an amount of more than 
0.01 mol, there can be no change in the effect. 

In the present invention, the water-soluble polymer 
may also be added, and the water-soluble polymer may 
be mixed in an amount of from 0.001 to 0.5% by weight, 
and more preferably from 0.01 to 0.2% by weight, baseed 
on the total weight 100 g of the oxidizing agent for 
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conductors, acid, protective-film-forming agent, 
water-soluble polymer and water. If it is mixed in an 
amount of less than 0.001% by weight, the effect 
attributable to its use in combination with the 
protective-film-forming agent tends not to be brought 
out in etching control. If it is in an amount of more 
than 0.5% by weight, a low rate of polishing by CMP tends 
to result . 

The method of polishing the substrate by the use 
of the polishing medium for CMP of the present invention 
is a polishing method in which the polishing medium for 
CMP is fed to a polishing pad on a polishing platen, 
and, bringing it into contact with a surface to be polished, 
the surface to be polished and the polishing pad are 
relatively moved to polish the surface. As an apparatus 
for such polishing, a commonly available polishing 
apparatus may be used which has a holder for holding 
a semiconductor substrate member having the surface to 
be polished and a polishing platen to which the polishing 
pad has been fastened (fitted with, e.g., a motor whose 
number of revolutions is variable) . As the polishing 
pad, commonly available nonwoven fabric, foamed 
polyurethane , porous fluorine resin and so forth may 
be used without any particular limitations. There are 
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no particular limitations on polishing conditions. It 
is preferable to rotate the polishing platen at a low 
rotation of 200 rpm or less so that the substrate does 
not rush out therefrom. The semiconductor substrate 
member having the surface to be polished (the film to 
be polished) may preferably be pressed against the 
polishing pad at a pressure of from 9.8 to 98.1 kPa (from 
100 to 1, 000 gf /cm 2 ) , and more preferably from 9.8 to 
49.0 kPa (from 100 to 500 gf/cm 2 ) in order to satisfy 
the wafer in-plane uniformity of polishing rate and the 
flatness of patterns. In the course of the polishing, 
the polishing medium for CMP is continuously fed to the 
polishing pad. There are no particular limitations on 
this feed quantity. It is preferable for the 
polishing-pad surface to be always covered with the 
polishing medium. The semiconductor substrate member 
on which the polishing has been completed may preferably 
be washed thoroughly in running water and thereafter 
be set on a spin dryer to blow off any drops of water 
adhering onto the semiconductor substrate member, 
followed by drying. 

EXAMPLES 

The present invention is specifically described below 
by giving Examples. The present invention is by no means 
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limited by these Examples. 

(1) Preparation of polishing medium for 
chemical-mechanical polishing: 

As shown in Table 1, to a mixture of 0.4% by weight 
of an acid, abrasive grains (but not added in Example 
1; 1 part by weight in Examples 2 to 9; and 1% by weight 
in Examples 10 to 13 ) , 0.05part by weight of a water-soluble 
polymer (but only in Examples 4, 6 and 7) and 0.2% by 
weight of a protective-film-forming agent (BTA) , water 
(98.85 parts by weight in Examples 1 to 9, and 97.9% 
by weight in Examples 10 to 13) was added to effect 
dissolution, followed by addition of hydrogen peroxide 
water (a guaranteed reagent, an aqueous 30% solution) 
as an oxidizing agent for conductors to obtain polishing 
mediums for CMP. Here, as the abrasive grains, colloidal 
silica with an average particle diameter of 20 to 60 
nmwas added which waspreparedby hydro lys is in an ammonia 
solution of tetraethoxysilane . Also, the malic acid and 
glycolic acid used each had a pKa of 3.2. 
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Table 1 



Example 


Acid 


hydrogenper oxide 
concentration 
(wt.%) 




Abrasive grains 
(colloidal silica) 


Water-soluble 
polymer 


pH 


Av. 
Particle 
diameter 
(nm) 


Standard 
deviation of 
particle size 
distribution 
(nm) 


1 


glycolic acid 


0.15 


2.58 


- 






2 


malic acid 


0.15 


2.50 


20 


10 


none 


3 


malic acid 


1.5 


2.49 


20 


10 


none 


4 


malic acid 


0.15 


2.80 


20 


10 


ammonium 
polyacry late 


5 


glycolic acid 


0.15 


2.58 


20 


10 


none 




glycolic acid 


0.15 


2.95 


20 


10 


ammonium 
polyacrylate 


7 


malic acid 


1.8 


2.76 


20 


10 


ammonium 
polyacrylate 


8 


malic acid 


3.3 


2.45 


20 


10 


none 


9 


malic acid 


0. 15 


3.25 


20 


10 


none 


10 


malic acid 


0.15 


2.50 


25 


10 


none 


11 


malic acid 


0.15 


2.50 


40 


14 


none 


12 


malic acid 


0.15 


2.52 


60 


13 


none 


13 


malic acid 


0.15 


2.51 


30 


5 


none 
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(2) Polishing: 

Using the polishing mediums for CMP thus obtained, 
CMP was carried out. Polishing conditions are as follows: 
Substrate member: 

Silicon substrate with a tantalum film formed thereon 
in a thickness of 200 nm . 

Silicon substrate with a tantalum nitride film formed 
thereon in a thickness of 100 nm . 

Silicon substrate with a silicon dioxide film formed 
thereon in a thickness of 1 |J.m . 

Silicon substrate with a copper film formed thereon 
in a thickness of 1 u.m . 
Polishing pad: 

Foamed polyurethane resin with closed cells. 
Polishing pressure: 250 gf /cm 2 . 

Relative speed of substrate member to polishing platen: 
1 8 m/minu te . 

(3) Polished-product evaluation items: 

On the polished products having been processed by 

CMP, evaluation was made on the following items. 

Rate of polishing by CMP: 

Determined by calculation from electrical resistance 

value in respect of the difference in layer thickness 
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before and after the film was polished by CMP. 
Etching rate: 

Determinedby calculation from electrical resistance 
value in respect of the difference in copper layer 
5 thickness before and after immersion in the polishing 
medium for chemical-mechanical polishing, having been 
stirred at 25°C and 100 rpm . 
Dishing level : 

A silicon substrate having thereon a silicon dioxide 
10 film in which grooves of 0.5 U-in in depth were formed, 
a tantalum nitride film formed thereon by known sputtering 
in a thickness of 50 nm as the barrier layer and a copper 
film similarly formed thereon by sputtering and buried 
in the groove by known heat treatment was used as a substrate 
15 member, and was subjected to two- step polishing. Then, 
from the surface profile of a pattern area in which stripes 
of 100 urn in width for the part of wiring metal and 100 
|im in width for the part of insulating film were arranged 
alternately, the level of film loss at the part of wiring 
20 metal with respect to the part of insulating film was 
determined by means of a stylus surface pro f i lometer . 

As the first-stage polishing medium for copper, a 
polishing medium for copper and copper alloys, having 
a sufficiently large po 1 i shing- r a t e ratio of the copper 
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to the tantalum nitride, was used to carry out the polishing. 

After the first-stage polishing, a substrate member 
sample was so prepared that the dishing level measured 
in the state the barrier layer stood uncovered onto the 
5 part of insulating film came to 50 nm, and was then sub j ected 
to the second-stage polishing using the above polishing 
medium for chemical-mechanical polishing, until the 
barrier layer came lost at the part of insulating film. 
Thinning level: 

10 The surface profile of a pattern area in which stripes 

of 2.5 mm in total width, consisting of 45 |im in width 
for the part of wiring metal and 5 um in width for the 
part of insulating film which were arranged alternately, 
formed in the substrate member used to evaluate the above 

15 dishing level, was measured with the stylus surface 

profilometer to determine the level of film loss at the 
part of insulating film in the vicinity of the middle 
of the pattern with respect to the part of the insulating 
film field around the stripe pattern. After the 

20 first-stage polishing, a substrate member sample was 
so prepared that the thinning level measured in the state 
the barrier layer stood uncovered onto the part of 
insulating film came to 20 nm, and was then subjected 
to the second-stage polishing using the above polishing 
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medium for chemical-mechanical polishing, until the 
barrier layer came lost at the part of insulating film. 
(4) Evaluation results: 

The rate of polishing by CMP in each Example is shown 
in Table 2. Also, the dishing level and the thinning 
level are shown in Table 3. 



Table 2 



Example 


CMP polishing rate (nm/minute) 


Copper 
etching rate 
(nm/ minute) 


Copper 


Tantalum 


Tantalum 
nitride 


silicon 
dioxide 


1 




4.0 


5.0 


0 


0.5 


2 




36.2 


54.7 


0.8 


0.8 


3 




24.9 


44.9 


1.3 


3.2 


4 




34.9 


24.9 


1.2 


0.3 


5 




33.0 


61.5 


1.3 


0.7 


6 




20.0 


25.0 


1.3 


0.6 


7 




1.1 


5.5 


1.7 


0.4 


8 




10.5 


17.3 


1.2 


6.7 


9 




2.0 


3.0 


0.7 


0.1 


10 


11.4 


36.2 


54.7 


0.8 




11 


3.2 


28.8 


43.2 


0.8 




12 


13.0 


22.0 


43.4 


6.7 




13 


23.4 


30.4 


57.7 


9.5 
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Table 3 





Example 




1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


Dising levei 
(nm) 


40 


55 


70 


45 


55 


45 


65 


100 


55 


40 


40 


60 


55 


Thinning 
level (nm) 


20 


30 


35 


30 


35 


30 


70 


55 


70 


20 


20 


60 


100 



In Examples 1 to 13, good dishing- and 
thinning-preventive performance has been achieved. In 
5 particular, in Examples 1 to 6, in which the oxidizing 
agent is in a concentration of from 0.01 to 3% by weight 
and the pH is 3 or less, the polishing rates of tantalum 
and tantalum nitride are so high and the dishing level 
and thinning level are so small as to be especially 
10 preferable. Also, in Examples 10 and 11, the polishing 
rate of tantalum nitride film is high and the polishing 
rate of silicon dioxide film is relatively low, and hence 
good dishing- and thinning-preventive performance is 
achi eved . 

15 In particular, in Examples 4 and 6, in which the 

water-soluble polymer is used and the oxidizing agent 
is in a concentration ranging from 0.01 to 1.5% by weight, 
the dishing and the thinning occur in a smaller level, 
showing better results, than Example 7, in which the 

20 oxidizing agent is added in a larger quantity (1.8% by 
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weight) . Here, when the water-soluble polymer is used, 
it is preferable for the water-soluble polymer to be 
added in a concentration of from 0.01 to 1.5% by weight. 
If it is added in an amount larger than that, a low 
5 polishing rate tends to result on the tantalum or tantalum 
nitride and the thinning may occur in a large level. 

Example 2, in which the oxidizing agent is in a 
concentration of 3% by weight or less and the pH is 3 
or less, is also preferable because the etching rate 
10 of copper is lower than that in Example 8, in which the 
oxidizing agent is in a concentration of more than 3% 
by weight, and also the polishing rate of tantalum or 
tantalum nitride is higher and the level of dishing and 
thinning is smaller than those in Example 9, in which 
15 the pH is more than 3. 

In Examples 10 and 11, the polishing rate of the 
barrier layer film (in particular, the tantalum film) 
is higher and the polishing rate of the silicon dioxide 
film is lower than those in Example 12, in which the 
20 abrasive grains have a large particle diameter. Thus, 
these Examples are superior in view of the dishing- and 
thinning-preventive performance. Also, in Examples 10 
and 11, the polishing rate of the barrier layer film 
(in particular, the tantalum film) is at the same rank 
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as, but the polishing rate of the silicon dioxide film 
is lower than, those in Example 13, in which the standard 
deviation of particle size distribution is smaller. 

5 POSSIBILITY OF INDUSTRIAL APPLICATION 

As described above, according to the present 
invention, the tantalum, tantalum alloy or tantalum 
compound or the like used as the barrier layer can 
efficiently be polished, and also the dishing, thinning 
10 and polish scratches can be kept from occurring in copper 
or copper alloy wirings to form highly reliable buried 
metal film patterns. 
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WHAT IS CLAIMED IS 

1 1. A polishing medium for chemical-mechanical 

2 polishing, comprising: 

3 an oxidizing agent for a conductor; a 

4 protective-film-forming agent for protecting a metal 

5 surface; an acid; and water, wherein 

6 said polishing medium has a pH of 3 or less, and 

7 said oxidizing agent is in a concentration of from 

8 0.01% by weight to 3% by weight. 

1 2. The polishing medium for chemical-mechanical 

2 polishing according to claim 1, which further comprises 

3 abrasive grains. 

1 3. The polishing medium for chemical-mechanical 

2 polishing according to claim 2, wherein: 

3 said abrasive grains have a average particle diameter 

4 of 50 nm or less, and 

5 said abrasive grains have standard deviation of 

6 particle size distribution in a value of more than 5 

7 nm. 
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1 4. A polishing medium for chemical-mechanical 

2 polishing, comprising: 

3 abrasive grains, an oxidizing agent for a conductor: 

4 a pro tect ive- f i lm-f orming agent for protecting a metal 

5 surface; an acid; and water, wherein: 

6 said abrasive grains have an average particle 

7 diameter of 50 nm or less, and 

8 said abrasive grains have standard deviation of 

9 particle size distribution in a value of more than 5 
10 nm. 

1 5. The polishing medium for chemical-mechanical 

2 polishing according to claim 4, wherein: 

3 said polishing medium for chemical-mechanical 

4 polishing has a pH of 3 or less, and 

5 said oxidizing agent for a conductor is in a 

6 concentration of from 0.01% by weight to 3% by weight. 

1 6. The polishing medium for chemical-mechanical 

2 polishing according to any one of claims 2 to 5, wherein: 

3 said abrasive grains are at least one selected from 

4 silica, alumina, ceria, titania, zirconia and germania. 

1 7. The polishing medium for chemical-mechanical 
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2 polishing according to claim 6, wherein said abrasive 

3 grains are colloidal silica or colloidal alumina. 

1 8. The polishing medium for chemi ca 1 -me chani ca 1 

2 polishing according to any one of claims 2 to 7, wherein 

3 said abrasive grains are mixed in an amount of from 0.1% 

4 by weight to 5% by weight. 

1 9. The polishing medium for chemical -mechani cal 

2 polishing according to any one of claims 1 to 8, which 

3 further comprises a water-soluble polymer. 

1 10. The polishing medium for chemical-mechanical 

2 polishing according to claim 9, wherein said water-soluble 

3 polymer is at least one selected from the group consisting 

4 of polyacrylic acid, a polyacrylic acid salt, 

5 polymethacrylic acid, a polymethacrylic acid salt, 

6 polyamic acid, a polyamic acid salt, polyacrylamide, 

7 polyvinyl alcohol and polyvinylpyrrolidone. 

1 11. The polishing medium for chemical-mechanical 

2 polishing according to claim 9 or 10, wherein said 

3 oxidizing agent is in a concentration of from 0.01% by 

4 weight to 1.5% by weight. 
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1 12. The polishing medium for chemical-mechanical 

2 polishing according to any one of claims 1 to 11, wherein 

3 said acid is an organic acid. 

1 13. The polishing medium for chemical-mechanical 

2 polishing according to claim 12, wherein said acid is 

3 at least one selected from malonic acid, malic acid, 

4 tartaric acid, glycolic acid and citric acid. 

1 14. The polishing medium for chemical-mechanical 

2 polishing according to any one of claims 1 to 13, wherein 

3 said protective-film-forming agent is at least one 

4 selected from benzotr ia zole and a derivative thereof. 

1 15. The polishing medium for chemical-mechanical 

2 polishing according to any one of claims 1 to 14, wherein 

3 said oxidizing agent for a conductor is at least one 

4 selected from hydrogen peroxide, nitric acid, potassium 

5 periodate, hypochlorous acid and ozone water. 

1 16. The polishing medium for chemi cal -me chanical 

2 polishing according to any one of claims 1 to 15, wherein 

3 said conductor contains at lest one of copper, a copper 

4 alloy, a copper oxide and a copper alloy oxide. 
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1 17. The polishing medium for chemical-mechanical 

2 polishing according to any one of claims 1 to 15, wherein 

3 said conductor is a barrier layer for preventing copper 

4 atoms from diffusing. 

1 18. The polishing medium for chemi ca 1 -me chani c al 

2 polishing according to claim 17, wherein said barrier 

3 layer contains tantalum, a tantalum alloy or a tantalum 

4 compound. 

1 19. A polishing medium for chemical-mechanical 

2 polishing having: 

3 a polishing-rate ratio (Ta/Cu) between tantalum and 

4 copper or a copper alloy of more than 1 ; 

5 a polishing-rate ratio (TaN/Cu) between tantalum 

6 nitride and copper or a copper alloy of more than 1; 

7 a polishing-rate ratio (Ta/Si0 2 ) between tantalum 

8 and silicon dioxide of more than 10; and 

9 a polishing-rate ratio (TaN/Si0 2 ) between tantalum 
10 nitride and silicon dioxide film of more than 10. 

1 20. The polishing medium for chemical-mechanical 

2 polishing according to any one of claims 1 to 18, which 

3 has : 
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4 a polishing-rate ratio (Ta/Cu) between tantalum and 

5 copper or a copper alloy of more than 1; 

6 a polishing-rate ratio (TaN/Cu) between tantalum 

7 nitride and copper or a copper alloy of more than 1; 

8 a polishing-rate ratio (Ta/Si0 2 ) between tantalum 

9 and silicon dioxide of more than 10; and 

10 a polishing-rate ratio (TaN/Si0 2 ) between tantalum 

11 nitride and silicon dioxide film of more than 10. 

1 21. A method of polishing a substrate member 

2 comprising a step of polishing a barrier layer containing 

3 tantalum, a tantalum alloy or a tantalum compound, by 

4 the use of the polishing medium for chemical-mechanical 

5 polishing according to any one of claims 1 to 19. 



1 22. A method of polishing a substrate member 

2 comprising a step of polishing a surface including a 

3 wiring layer and a barrier layer, by the use o f the pol ishing 

4 medium for chemi ca 1 -mechan i ca 1 polishing according to 

5 any one of claims 1 to 19. 
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ABSTRACT 

This invention provides a polishing medium for 
chemical-mechanical polishing, comprising an oxidizing 
5 agent for a conductor, a pr o t e c t i ve- f i lm- f orming agent 
for protecting a metal surface, an acid, and water; (1) 
the polishing medium having a pH of 3 or less, and the 
oxidizing agent being in a concentration of from 0.01 
to 3% by weight, or (2) the polishing medium containing 
10 abrasive grains having an average particle diameter of 
50 nm or less, and the abrasive grains having standard 
deviation of particle size distribution in a value of 
more than 5 nm . 
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Code, § 119(a)-(d) or § 365 (b) of any foreign application(s) 
for patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one 
country other than the United States, listed below and have 
also identified below, by checking the box, any foreign 
application for patent or inventor's certificate, or PCT 
International application having a filing date before that of the 
application on which priority is claimed. 



Prior foreign application(s) 



Heill-230930 



(Number) 



(Number) 

(#-5§0 



Japan 



(Country) " 



Heill-308665 / Japanx^ 



(Country) 



Priority Not Claimed 



August 17, 1999 
(Day/Month/Year Filed) 

S) 

October 29, 1999^ 
(Day/Month/Year Filed) 

(Wfl 0) 



(Number) 
(#3-) 



(Country) 



(Day/Month/Year Filed) 



(Number) 

(#3-) 



(Country) 



(Day/Month/Year Filed) 



(Number) 
(#3") 



(Country) 
(H45) 



«H:JR3 SfUMSAl 1 9^(e)rl{c^^-C, TIE?)* 



(Day/Month/Year Filed) 

mm^M 0) 

I hereby claim the benefit under Title 35, United States Code, 
§ 1 19(e) of any United States provisional application(s) listed 
below. 



(Application No.) (Filing Date) 

(W«#-§0 (BIB) 

5#fFm^*^m3 6 5*(c)i-X<5<|iflJ^r :t±EL4 

1 1 2^miiixii#fFm*»-es^^nfc*-s-c-^-r 

tfiU 0 W»-e*ffi8l#w 0 *HrtXii#fFm^^Hll^f+ J , 

liaise «-es* $ ixfcwfp**©^ »c m-r % mss* 



(Application No. ) (Filing Date) 

I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States applications), or § 365(c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner 
provided by the first paragraph of Title 35, United States 
Code, § 1 12, I acknowledge the duty to disclose information 
which is material to patentability as defined in Title 37, Code 
of Federal Regulations, § 1.56 which became available 
between the filing date of the prior application and the 
national or PCT International filing date of this application. 



(Application No.) 

(Witt) 



(Filing Date) 



(Status)(patented, pending, abandoned) 



(Application No.) (Filing Date) 

&o < mm^-r^xmmxh^ t m c-o ^ § h ^at 

<9*afi3£*L3 r. t. ^L,xt(D£?t£tkmK£Z>]Ai&<D 



(Status)(patented, pending, abandoned) 

(ma : #fftFsm, &jr*, j&mgF) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attomey(s) and/or agent(s) to 
prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith: (list 
name and registration number) 



Donald R. Antonelli, Reg. No. 20,296; David T. Terry, Rej^No. 20.178; M elvin Kraus, Reg. No. 22.466; William I. Solomon, Reg. 
/ C - / No. 28.565; G regory E. Montone, Ref». No. 28. 141. Ronald J. Shore, Reg. No. 28.577; Donald E. Stout, Reg. No. 26.422; Alan E. 

Schiavelli. Reg. No. 32.08 7; James N. Dresser, Reg. No. 22,97 3 and Carl I. Brundidge , Reg. No. 29.621 

WMMttJc : " Send Correspondence to: 

Antonelli, Terry, Stout & Kraus, LLP 
Suite 1800. 

1300 North Seventeenth Street 
Arlington. Virginia 22209 



Direct Telephone Calls to: 



Telephone: (703) 31 2-6600 
Fax: (7031 312-6666 



Full name of sole or first inventor 
Yasushi KURATA 



Inventor's signature 



Date 



0;£ 



Citizenship 

Japan 



Post Office Address 

c/o Research & Development Center, HITACHI CHEMICAL 
CO., LTD. 

48, Wadai, Tsukuba-shi, Ibaraki 300-4247 Japan 



Full name of second joint inventor, if any 
Yasuo KAMI GAT A 



Second inventor's signature 



Date 



mm 



Citizenship 

Japan 



Post Office Address 

c/o Research & Development Center, HITACHI CHEMICAL 
CO., LTD. 

48, Wadai, Tsukuba-shi, Ibaraki 300-4247 Japan 



) 



(Supply similar information and signature for third and 
subsequent joint inventors.) 
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m 



Full name of third joint inventor, if any 
' akeshi UCHIDA 



Third inventor's signature 



Date 



Residence 



Citizenship 

Japan . 



Post office address 

c/o Research & Development Center, HITACHI CHEMICAL 
CO., LTD. 

48, Wadai, Tsukuba-shi, Ibaraki 300-4247 Japan 



Full name of fourth joint inventor, if any 
Hiroki TERASAKI 



Fourth inventor's signature 



mm 



Citizenship 
Japan 



Post office address 

c/o Research & Development Center, HITACHI CHEMICAL 
CO., LTD. 

48, Wadai, Tsukuba-shi, Ibaraki 300^1247 Japan 



Full name of fifth joint inventor, if any 
Akikn TGARASHI 



Fifth inventor's signature 



uivcmui 3 signature , uate 

^fe4 Sfy/i&aJti AphuS, 2eriZ 



sif 



Citizenship 

Japan 



Post office address 

c/o Research & Development Center, HITACHI CHEMICAL 
CO., LTD. 

48, Wadai, Tsukuba-shi, Ibaraki 300-4247 Japan 
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n Approved for ^through GOO/99. C™B OtiSi^OOGS 

Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE? 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless It displays a valid OMB control number 



CHANGE OF 
CORRESPONDENCE ADDRESS 

Application 

Address to: 

Assistant Commissioner for Patents 
Washington. D.C. 20231 



Application Number 



First Named Inventor 



Examiner Name 



Attorney Docket Number 



10/049672 



February 15, 2002 



IGARASHT , et hi. 



566. 41191X00 



Please change the Correspondence Address for the above-identified application 
to: 



pf"] Customer Number 1 020*57 . | 



Type Customer Number here 



minim 

020457 

PATENT TMOEHIKK OFFICE 



□ 



Firm or 
Individual Name 



City 



This form cannot be used to change the data associated with a Customer Number. To 
. change the data associated with an existing Customer Number use "Request for Customer 
Number Data Change" (PTO/SB/124). 



I am the : 

□ 
□ 



Applicant. 

Assignee of record of the entire interest 
Certificate under 37 CFR 3.73(b) is enclosed. 

Attorney or agent of record . 



Melvin Kraus 



Registration NO. 22, 4 66 



February 15, 2 0 0.2 



Burden Hour Statement This lorm Is 
comments on the amount of time you 
Washington, DC 20231. OO NOT SENO 
Washington, DC 2023 1. 



take OZ hours to complete. Time «rM vary depending upon the needs of tho Individual case. Any 
to complete this form should be sent to the Chief Information Officer. Patent and Trademark Office, 
FEES OB COMPLETED FORMS TO THIS ADDRESS. SENO TO: Assistant Commissioner tor Patents. 



